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Attempt is made of determining the electron temperature in stellar shells 
with the assumption of emergence in the medium of free electrons by photoioni- 
zation of hydrogen atoms and loss of their energy to recombination processes 
linked with hydrogen. The case of a bursting star is considered. 

* 
* *  

Assume that in the atmosphere of a cold star, above its photosphere, fast 
electrons emerge in a certain fashion, with energies of the order of lo6-lo7 ev. 
The problem of the interaction of such electrons with the field of photospheric 
emission of the star itself has been considered in the works [l - 31. 
shown, in particular, that fast electrons induce by virtue of the inverse Compton 
effect the drift of longwave light 
a result of which there takes place a sharp enhancement of the shortwave spectrum 
region of photosphere emission at the expense of partial attenuation of the long- 
wave spectrum. 
emerge the Lc-emission (shorter than 912 A). 

It was 

quanta toward the side of shortwave ones, as 

For specific magnitudes of energy of fast electrons there may also 

Under the influence of the thus emerged Lc-emission (which we shall describe 
as being of "Compton origin"), the hydrogen, neutral prior to that, will now be 
ionized. Inasmuch as the possibility of emergence of forbidden lines in the 
atmosphere of a star is excluded, the electron temperature of such a medium will 
obviously be determined by the residual energy of electrons, torn off during 
photoionization of hydrogen. 

Our problem resides in the determination of electron temperature of such a 
medium in the assumption that free electrons emerge by way of photoionization of 
hydrogen atoms under the influence of Lc-radiation of Compton origin, and lose 
their energy on the recombination processes linked with hydrogen. 
postulated that there is established a Msucwellian distribution of velocities 
between electrons having emerged as a result of photoionization. 

It is also 
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* -'@ektronnaya tem erature v zvezdnykh obolochkakh soderzhashchikh 
elektrony vysokoy energii 5 I 
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'Ihc soliit ion or thc prohlcm statcd is rcnlizcd I)y thc standard iilethml 
14, 51. 
the outset. 

To t h t  cfrcct thc spcctmii or  ionizing rxliation iiiust lw knowi at 

The Compton emission spectrum is continuous in the 0 to Q) frequency range, 
and, depending upon the form of the energy spectrum of fast electrons, it takes 
various shapes. 
shortwave is materialized by monochromatic fluxes of electrons, the emission 
intensity in arbitrary frequency (including the frequencies of Lc-emission) is 
represented by the formula [l] 

In particular, when the transformation of longwave quanta to 

(1) {LZ 

4x Ju(T, p, T ) = B ~ I T ) ~ - ~  + - - l I u . ( T ) r e - ~ ,  

where v = E / mc2; E being the energy of a fast electron; BJT) and B.I(T) are 
Planck functions, respectively for the effective photosphere temperature T and + the frequencies v and u', whereupon in the second case we must postulate 
v = v/v2 ;T is the optical thickness of the medium on Thomson scattering pro- 
cesses (T =ae N, where ae= 0.665 an2; N is the effective number of fast 
electrons inside a column with a 1 an2 base). 

In order to derive the dependence, searched for, between the electron tem- 
perature of the medium and the parameters of radiation field, it is necessary to 
write the following two equilibrium conditions: 

a) condition for stationary state, that is, the number of atoms entering 
the continuum at photoionization per time, unit must be equal to the number of 
atoms leaving the continuum; 

per time unit on the photoionization of hydrogen atoms must be equal to the 
quantity of energy liberated at recombination. 

b) condition of radial equilibrium, i. e., the quantity of energy expended 

The application of the condition for stationary state gives: 

where the left-hand part of the equality represents the number of ionization 
events, and the right-hand part - the number of recombination events (see, for 
example, [SI) .  In this expression n1 , n+ and ne are respectively the concen- 
tration of neutral hydrogen atoms, ions and electrons; Te is the electron tem- 
perature of the medium; &(T& is the effective recombination cross-section; 
k l v  is the continuous absorption coefficient computed for one neutral hydrogen 
atom; - v is the thermal velocity of the electron. 

The condition for radial equilibrium will be written in the form 
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and for the factors kl, and kiv we have, taking into account the influence of 
negative absorption 

where we denoted: xo = hvo/kT ; 
from the i-th state. The value of functions Jx(T, p , ~ )  is borrowed from (1) 
posing v = xkTJh. 

precisely unilaterally determined as a function of parameters T, l.~, T. 
practical determination of Te from (6) is realized as follows. 
of T, V , T  we determine xo from ( 6 ) ,  and then Te from 

xi = hvi/kTe;vi is the ionization frequency 

The only unknown in relation (6) is the electron temperature, which is 
The 

For given values 

Te = hvo/loco. (7) 

Relation (6) is a?sc valid f o r  the case when the energy spectnm cf fast 
electrons is represented in the fonn Ne = K E - Y ,  with the provision that instead 
of J 
brough out in [I]. 

(T, p, T) Jx (T, f ,  T) should be placed in ( 6 ) ,  of which the form is 

As an example, computations were performed for one particular case, namely 
T = 2800OK (type-M5 star), T = 1 and a series of values of p. 
compiled in Table 1 hereafter. 

The results are 

As follows from the data brought out in 
Table 1, the theoretical electron temperature 
of the atmosphere or part of the atmosphere 
of a later-type star, where fast electrons 
(lo6 - lo7) are present, of which the inter- 
action with thermal quanta leads to the emer- 
gence of k-radiation of nontheml nature 
(Compton origin), is very high, of the order 
of 150,000 -200,00OoK. It is somewhat higher 
than the electron temperature of the medium at 
at synchrotron radiation (lOO,OOO°K). 

T A B L E  1 



4. 

A t t c n q p t  was made in [I - 31 t o  show that  an ultrawiolet flare or, generally, 
the continuow emission in nonstationarf (outbursting) stars may be imbced by 
scattering of fast electrons on thermal quanta, at which d r i f t  of longwave (infra- 
red) quanta takes place toward the side of high-frequency quanta. In some cases 
this  process m y  lead to  the emergence of hydrogen and even heliun emission lines 
[3]. On the other hand, as seen above, under these conditions the electron tem- 
perature in the atmosphere or part of the atmosphere of an outbursting star n u s t  
be almost 50 times higher than the temperature of the star itself. 
it would be interesting to  verify the possibility of electron temperature in- 
crease in the atmosphere of stars during outburst directly by the observation 
data, 

This is why 

Dzhoy (Joy), having succeeded in obtaining rare spectrograms of outbursting 
stars, underscored mre than once the fact of lines of emission widenjng w i t h  
their enhancement during the outburst of the star [l]. He calls attention to  
one fact also, 
the s t a r  during outburst would be somehow guessed, namely when the Balme~ &re- 
ment of hydrogen emission lines becomes more slanting-in the direction toward 
shortwaves. 

in which the presence of high temperature in the atmosphere of 

Unfortunately, these conclusions on the widening of emission lines and on 
character variation of the Balmer decTement are based upon qualitative estimates 
and are not strengthened by quantitative data. For tha t  reason a careful pro- 
cessing of spectrograms of bursting stars, and also the search for independent 
ways of determining from observations of the magnitude, or if  only of the order 
of magnitude of electron tenperature of a star at  time of outburst, nust consti- 
tute a particular interest. 
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